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Combined use of methvlphenidate and melatonin for treating 
Attention-Deficit Hyperactive Disorder 

The present invention relates a to the combined use of methylphenidate and 
5 melatonin for the treatment of attention-deficit hyperactivity disorder ("ADHD") in 
mammals, including humans. The invention relates also to a pharmaceutical composition 
comprising methylphenidate and melatonin. 

As described in EP-A-0 896 536, ADHD is a condition affecting a significant 
proportion of children and which is manifest by learning difficulties, restlessness, inability 
10 to settle to any task, argumentativeness, low frustration tolerance and aggressive 
conduct. A traditional method of treating such children was by administration of psycho- 
stimulant such as methylphenidate. 

Methylphenidate, also known under the trademark Ritalin®, is a medication 
prescribed for individuals (usually children) who have an abnormally high level of activity 
15 or attention-deficit hyperactivity disorder (ADHD). According to the U.S. National Institute 
of Mental Health, about 3 to 5 percent of the general population in the U.S.A. has the 
disorder, which is characterized by agitated behavior and an inability to focus on tasks. 
Methylphenidate also is occasionally prescribed for treating narcolepsy. 

Methylphenidate is a central nervous system (CNS) stimulant. It has effects 
20 similar to, but more potent than, caffeine and less potent than amphetamines. It has a 
notably calming effect on hyperactive children and a "focusing" effect on those with 
ADHD. 

Recent research at Brookhaven National Laboratory may begin to explain 
how methylphenidate helps people with ADHD. The researchers used positron emission 
25 tomography (PET - a noninvasive brain scan) to confirm that administering normal 
therapeutic doses of methylphenidate to healthy, adult men increased their dopamine 
levels. The researchers speculate that methylphenidate amplifies the release of 
dopamine, a neurotransmitter, thereby improving attention and focus in individuals who 
have dopamine signals that are weak, such as individuals with ADHD. See, N. Volkow et 
30 al., J of Neuroscience (2001) 21 :RC121 :1-5. 

While psychostimulants are useful in increasing attention spans, they have 
major side-effects, including loss of appetite and insomnia and do not deal with the 
problems of hyperactivity. 

The aforementioned EP-A-0 896 536 discloses the use of iofexidine, 2-[a- 
35 (2,6-dichlorophenoxy)ethyl-A 2 -imidazole, in the manufacture of a medicament for treating 




ADHD, which reportedly does not incur the same level of side-effects as clonidine. The 
latter compound (see Hunt et a/., Journal of the American Academy of Child Adolescent 
Psychiatry 24 (1995)) has been shown to be effective in treating ADHD, but it may also 
cause hypotension and a high level of sedation as a side-effect It is stated in said EP 
5 reference that while a measure of sedation can be useful in the treatment of hyperactive 
children, it does not assist in increasing attention span. 

Melatonin (N-acetyl-5-methoxytryptamine) is an endogenous hormone of the 
pineal gland, a small organ (approx. 100 mg) located in the mid-brain above the third 
ventricle (A.B. Lerner et aL, J. Amer. Chem. Soc. 1958; 80:2587). The rate-limiting 
10 enzyme for its synthesis, N-acetyltransferase (NAT) is produeedonly during the night 
Night-time values of NAT are more than 100-fold greater than daytime levels. Melatonin is 
also produced by extra-pineal tissues, that lightens skin color in amphibians by reversing 
the darkening effect of MSH (melanotropin). Melatonin has been postulated as the 

mediator-of photic-induced anti-gonadotro^ 

15 also been shown to be involved in thermoregulation in some ectotherms and in affecting 
locomotor activity rhythms in sparrows. 

Melatonin, when used experimentally, is synthesised chemically and has been 
studied extensively in clinical and preclinical trials to examine the effects of the circadian 
SCN clock (A.J. Lewy et aL, Behav. Brain Res. 1996; 73:1-2 131-4). 
20 Non-prepublished international patent application PCT/EP02/03317 discloses 

that melatonin has usefulness in the treatment of ADHD, and provides the use of at least 
one of melatonin, a melatonin analogue, or a pharmaceutically acceptable salt of 
melatonin or said melatonin analogue, in the preparation of a medicament for the 
treatment of ADHD in mammals, in particular human beings. 
25 The Present invention is based on the surprising finding that the combined 

use of methylphenidate and melatonin has a beneficial effect on the treatment of ADHD, 
which will frequently exceed the effect of the individual active compounds. 

Accordingly, the present invention provides the combined use of methyl- 
phenidate and melatonin in any form for the treatment of ADHD in mammals, in particular 
30 human beings, especially children. 

As used hereinafter, unle&stated otherwise, the term "melatonin" includes 
melatonin per se, a melatonin analogue, i.e. a substance exhibiting high affinity for 
melatonin receptors, or a pharmaceutically acceptable salt of melatonin or a melatonin 
analogue. 



The medicament for the treatment of ADHD comprising the combination of 
methyiphenidate and melatonin as active ingredients is suitably administered to the 
mammal in the form of a pharmaceutical composition. The administration may be by way 
of oral or parenteral administration. 

5 The medicament can be administered in conventional form for oral 

administration, e.g. as tablets, lozenges, dragees and capsules. However, for the 
administration of the drug to children, which is likely to be its major use, it may be 
preferred to formulate the composition as an oral liquid preparation such as a syrup, a 
nasal spray, or a suppository. The medicament can also be administered parenterally, 

10 e.g. by intramuscular or subcutaneous , injection, using formulations in which the 
medicament is employed in a saline or other pharmaceutical^ acceptable, injectable 
composition. 

An amount effective to treat the disorder hereinbefore described depends on 
the usual factors such as the nature and severity of the disorder being treated, the weight 

15 of the mammal, the specific compounds of choice, and considerations and preferences of 
the prescribes The amount of active ingredients to be administered usually will be in the 
range of nanograms to 50 mg or more per dose. However, a unit dose will normally 
contain 1 to 1000 mg, suitably 1 to 500 mg, for example an amount in the range of from 2 
to 400 mg such as 2, 5, 10, 20, 30, 40, 50, 100, 200, 300 and 400 mg of the active 

20 ingredient. Unit doses will normally be administered once or more than once per day, for 
example 1, 2, 3, 4, 5 or 6 times a day, more usually 1 to 4 times a day, such that the total 
daily dose is normally in the range, for a 70 kg adult, of 1 to 1000 mg, for example 1 to 
500 mg, that is in the range of approximately 0.01 to 15 mg/kg/day, more usually 0.1 to 6 
mg/kg/day, for example 1 to 6 mg/kg/day. 

25 It is greatly preferred that the combination of methyiphenidate and melatonin 

according to the invention is administered in the form of a unit-dose composition, such as 
a unit dose oral, such as sub-lingual, rectal, topical or parenteral (especially intravenous) 
composition. 

Such compositions are prepared by admixture and are suitably adapted for 
30 oral or parenteral administration, and as such may be in the form of tablets, capsules, 
oral liquid preparations, powders, granules, lozenges, reconstitutable powders, injectable 
and infusable solutions or suspensions or suppositories. Orally administrate 
compositions are preferred, in particular shaped oral compositions, since they are more 
convenient for general use. The preparation of such compositions is well known to people 



skilled In the art and can be optimized in a routine way without exerting inventive skill and 
without undue experimentation. 

Tablets and capsules for oral administration are usually presented in a unit 
dose, and contain conventional excipients such as binding agents, fillers, diluents, 
5 tabletting agents, lubricants, disintegrants, colourants, flavourings, and wetting agents. 
The tablets may be coated according to well known methods in the art 

Suitable fillers for use include, mannitol and other similar agents. Suitable 
disintegrants include starch derivatives such as sodium starch glycollate. Suitable 
lubricants include, for example, magnesium stearate. 
10 " These solid oral compositions may be prepared by conventional methods of- 

blending, filling, tabletting or the like. Repeated blending operations may be used to 
distribute the active agent throughout those compositions employing large quantities of 
fillers. Such operations are, of course, conventional in the art. 

Oral liquid preparations- may be in the' form "Ofrfonexample,^ — 
15 suspensions, solutions, emulsions, syrups, or elixirs, or may be presented as a dry 
product for reconstitution with water or other suitable vehicle before use. Such liquid 
preparations may contain conventional additives such as suspending agents, for example 
sorbitol, syrup, methyl cellulose, gelatin, hydroxyethylcellulose, carboxymethyl cellulose, 
aluminium stearate gel or hydrogenated edible fats, emulsifying agents, for example 
20 lecithin, sorbitan monooleate, or acacia; non-aqueous vehicles (which may include edible 
oils), for example, almond oil, fractionated coconut oil, oily esters such as esters of 
glycerine, propylene glycol, or ethyl alcohol; preservatives, for example methyl or propyl 
p-hydroxybenzoate or sorbic acid, and if desired conventional flavouring or colouring 
agents. 

25 Oral formulations further include controlled release formulations which may 

also be useful in the practice of this invention. The controlled release formulation may be 
designed to give an initial high dose of the active material and then a steady dose over 
an extended period of time, or a slow build up to the desired dose rate, or variations of 
these procedures. Controlled release formulations also include conventional sustained 

30 release formulations, for example tablets or granules having an enteric coating. 

Nasal spray compositions are also a useful way of administering the 
pharmaceutical preparations of this invention to patients such as children for whom 
compliance is difficult Such formulations are generally aqueous and are packaged in a 
nasal spray applicator which delivers a fine spray of the composition to the nasal 

35 passages. 



For parenteral administration, fljjid unit dose forms a 
HiS^cSrnpound^nd a sterile vehicle. Tl^S^pounc^depending 



Suppositories are also a traditionally good way of administering drugs to 
children and can be used for the purposes of this invention. Typical bases for formulating 
suppositories include water-soluble diluents such as polyalkylene glycols and fats, e.g. 
cocoa oil and polyglycol ester or mixtures of such materials. 

are prepared containing 

tfi§^c5mpound/&nd a sterile vehicle. TheYCompounc^depending on the vehicle and the 
concentration, can be either suspended or dissolved. Parenteral solutions are normally 
prepared by dissolving the compound in a vehicle and filter sterilising before filling into a 
suitable vial or ampoule and sealing. Advantageously, adjuvants such as a local 
1 o anaesthetic, preservatives and buffering agents are also dissolved in the vehicle. 

Parenteral suspensions are prepared in substantially the same manner except 
that t^f^T^oun^^^ispended in the vehicle instead of being dissolved and sterilised 
usually by exposure to ethylene oxide before suspending in the sterile vehicle. 
Advantageously, a surfactant or wetting agent is included in the composition to facilitate 
15 uniform distribution 6t the|60Thpound^5f the invention. 

As is common practice, the compositions will usually be accompanied by 
written or printed directions for use in the medical treatment concerned. 

^ ^P re *gff JSyy Mon further Provides a pharmaceutical composition 
c^mprislRgf^Heast one of melatonin, a melatonin analogue, or a pharmaceutical^ 
20 acceptable salt of melatonin or said melatonin analogue, and a pharmaceutical!^ 

acceptable carrier. These pharmaceutical compositions may be prepared? in tne manner ~~ 
as hereinbefore described. 

In the treatment of ADHD 




fi r a motatonin anal o gue/ can be usedUlnns nr tntjrfhfirfwitn otner active materials. Thep'jfoy 
25 latter materials are preferably chosen such that either their activiy is enhanced, preferabiw^** c* 
in a synergistic way, or undesired side-effects are suppressed by melatonin /and/or ft V /a Tt ,^ 

analoou a^A/hich can be us ed in conjunction with 
or more substances selected from the group of 
stimulants, hormones, analogues of such hormones, phyto-hormones, analogues of such 
30 phyto-hormones like phytoestrogen, and antioxidants like phyto-vitamins £and JcH^ 

or the occasional 

self-treatment of mild insomnia in adults: 0.3 to 3 mg oral or sublingual dosage (PO), in 
the evening hours approximately 1 to 2 hours before habitual bedtime. May take up to 6 
35 mg PO if needed. For the adjunctive treatment of insomnia related to major depression: 
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Adults: 5 to 10 mg oral extended release formulations (PO) taken 1 to 2 hours prior to 
habitual bedtime. In one 4-week placebo-controlled study of 19 patients with major 
depressive disorder treated with fluoxetine, the sub-group of 10 patients who received 
concomitant slow-release melatonin at 9 pm for sleep reported significantly improved 
5 sleep quality scores versus the patients receiving fluoxetine alone. Melatonin treatment 
avoided the need for additional sleep medications. No differences in the rates of 
improvement of depressive symptoms or side effects were reported between the two 
groups. (Dolberg et al; 1998) 

For the treatment of delayed sleep phase syndrome resulting from ctrcadian 
10 rhythm disruption, including patients with autism, blindness, Rett's syndrome, or 
developmental disabilities in adults: Doses of 5 to 7 mg oral immediate release 
formulations (PO) once dairy at bedtime have been used in the blind to entrain clrcadian 
rhythms to a 24-hour day. (Sack et al; 1991); in children: Doses of 2.5 to 7.5 mg PO once 
daily before expected bedtime have been usedrThe average-onset of sleep-ocWrfed - 
15 within 1 hour of melatonin administration. Most children were on concomitant anti- 
convulsant therapies. Melatonin was administered nightly for up to 4 weeks and appeared 
to be well tolerated, j we long - term offooto of ohronio molatonin uoo in pediatric pati e n t s 
nrr unkn o wn (Chase & Oidul, 1007, MiAiU i u i & DuUdtJii, I99Q) A l lliuuyh Palm ol ul 
(■ 1999) and Jan ot ol (2000) publiohod roporto on ohildron who rooor 
20 s e vor a t yoaro witho u t advoroo offooto. H o wev e r, doses adininiotorod we 
extent, de p end upon the method of Jdn i iiiiblidUlSTy/ (jg) / 

Although the invention has been described primarily as a therapy for children, 
it can also be used for adults, although dosage rates may be different in the case of 
adults. Adaptation and optimization of dosages can be readily achieved by skilled 
25 persons without undue experimentation. 

•"u^m psggHOgPffigB Si i mi ~i i ,i 1 1 1 1 i ii n iu i j attention s pans; U i u y have 

mai o r cido offoeta. including i»io nf nppntitn n^n insomnia and rl o not donl with thr 
problomo of hyperactivi ty . * 

Said CP-A-0 090 500 UibUubHb the ase of lufaxiUi i w, 2-[a-(2,6-dlcn i j 
30 phenoxy)ethyl-A 2 -imidazole, in the manufacture of a medi^mersUoMrS^ng^HD, 
which reportedly does not incur the samejevejjof-^ide^effect^ clonidine. The latter 
compound (see Huntef^^JoOTnaT^Tme American Academy of Child Adolescent 
Psychiatiy - 24-(4995))ha1s been shown to be effective in treating ADHD, but it may also 
3n and a high leve l uf judation ao a oido offoct. It io stat e d in sai d CP - 
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1. Use of methylphenidate and at least one of melatonin, a melatonin 
analogue, or a pharmaceutically acceptable salt of melatonin or said melatonin 
analogue, in the preparation of a medicament for the treatment of ADHD in a mammal, 

5 especially a human being. 

2. Use as claimed in claim 1 wherein the melatonin or melatonin analogue is 
employed in an amount of from 0.005 to 1 .00 mg/kg in treating ADHD. 

10 3. Use as claimed in any one of the preceding claims wherein the medicament 

is formulated as a controlled release preparation. 

4. Use as claimed in any one of the preceding claims wherein the medicament 
is formulated as a solid oral formulation. 



15 



20 



25 



5. Use as claimed in any one of the preceding claims wherein the medicament 
additionally contains one or more substances selected from the group of stimulants, 
hormones, analogues of such hormones, phyto-hormones, analogues of such phyto- 
hormones, and anti-oxidants. 

6. A method of preventing or treating ADHD disorder in a mammal, in 
particular a human, jy^b ^QfT'R'jgg^ ^SglQ 1 ^^" 1 ^ JP said mammal a therapeutically 
effective amount wpelatonin, a melatonin analogue, or a pharmaceutically acceptable 
salt of melatonin or said melatonin analogue. 



c<?H>^ ic ~\ ZjA^ s^^i 
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Abstract of the invention 
The present invention relates to the combined use of methyl phenidate and at 
least one of melatonin, a melatonin analogue, or a pharmaceutical^ acceptable salt 
thereof in the treatment of attention deficit hyperactive disorder (ADHD). Methylphenidate 
5 ijaSfmelatonin or its analogue may be used together or in combination with one or more 
other active ingredients, and is preferably formulated as a composition for controlled 
release. 
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